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Mean 2.565 1.484 2.521 2.149 3.719 2.563 2.387
Std. Dev. 2.721 1.433 3.480 3.795 5.001 4.144 2.134
Drought – SRI (3)
No. of drought months 
(1980‐2008) 177 210 222 209 209 175 202
Duration (months)
Mean  6.103 7.241 7.655 7.207 7.207 6.034 6.966
Std. Dev. 4.083 4.580 4.490 3.959 3.940 4.807 4.460
Severity
Mean 4.864 4.675 4.646 4.617 4.816 4.928 4.810
Std. Dev. 5.737 3.981 3.708 3.339 3.982 6.248 4.404
Minimum 0 0 0 0 0 0 0
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Precipitation field from NLDAS‐2 and runoff generated by Noah LSM
Droughts have catastrophic impacts across a wide range of sectors. Proper assessment of
drought is central to water management; early identification can help mitigate the negative
impacts of a drought.
A number of metrics have been developed towards this end and are currently in use for
characterizing droughts. One major challenge in computing these indices, however, is the
integrity of the original datasets. Whereas precipitation is not significantly affected by
anthropogenic changes, if we discount climate change, other local variables, such as soil
moisture and streamflow, are greatly influenced by land use land cover changes. Streamflow,
which is the most important parameter in water management, do incorporates meteorological
forcings, even though not as first order response but filtered by watershed characteristics, but is
significantly affected by dams, diversions, return flows, reduction of base flows by excessive
groundwater pumping, and urbanization.
In this study we use a land surface model (LSM) to generate runoff in the Rio Grande basin
and compute the standardized runoff index. We test four copulas to assess which one is most
suited to model the dataset and present preliminary results of the joint probabilities of drought
severity and duration, along with the conditional probability distribution charts of drought
severity given a threshold duration, and drought duration given a threshold drought severity.
The Rio Grande (or Río Bravo del Norte as is it referred to in
Mexico) is the fifth longest river in North America. It is a
transboundary basin, straddling three states in the US and five
states in Mexico.
Origin elevation: 3,700 m amsl
Length: 3,100 km
Area: 557,722 km2
Land cover: Desert shrubland and grassland 81%
Irrigated agriculture 2.6%
Urban and industrial area 6%
The watershed contains a number of endorheic sub‐basins,
such that only 468,374 km2 (242,994 km2 on the US side and
225,380 km2 on the Mexican side) actually contributes to flow in the river.
The Rio Grande basin is a heavily engineered basin; the flow is stored in over 100 dams, 6 of
which are over 150 m high. Three of the most important reservoirs in the basin are the Elephant
Butte reservoir in southern New Mexico and two international reservoirs: Amistad and Falcon.
Runoff in the basin was modeled using the Noah LSM within NASA GSFC’s Land Information
System. Noah has been tested against other LSMs and has been found to have small bias in both
evaporation and runoff when compared with observed annual water budget, and is thus able to
reproduce streamflow with high accuracy.
The LSM is run retrospectively for a period of 30 years (1 January 1979 to 31 December
2008), using the North American Land Data Assimilation System – Phase 2 (NLDAS‐2) forcing
data. NLDAS‐2 has a 1/8° latitude/longitude resolution. It has been extensively compared,
tested, and validated for snow cover and snow water equivalent , soil moisture, and streamflow
and water balance
The precipitation field in the forcing data was compared to gauged measurements and the
monthly runoff was validated against flow in the Rio Conchos. It was found that Noah faithfully
captures the monthly variation in runoff in the basin.
A three‐month Standardized Runoff Index (SRI (3)) was calculated for areally averaged runoff
from each sub‐region of the basin and for the basin as a whole.
Areal averaged runoff anomaly and 3‐month SRI for the whole basin
The exponential and gamma distributions were fitted to the duration and severity series, for
each sub‐region and for the whole basin, respectively.
The KS goodness‐of‐fit test was used to test if the selected model satisfied the data. In most









Duration  ߣ 6.103 7.241* 7.655 7.207 7.207* 6.034* 6.966
Severity ߙ 0.719 1.380 1.570 1.912 1.463 0.622* 1.193




Copula has been widely applied to bivariate flood and
drought frequency analysis. The Clayton copula has often
been used without any prior assessment of the most
appropriate model.
In this study we tested four copulas: Gumbel‐Hougaard
(GH), Clayton (CLT), Frank (FRK), and Galambos (GLM).
From scatter plots of observed (black crosses) and
simulated (gray dots) data of severity against duration in
domain, we note that :
 CLT and FRK shows weak dependence in the upper tail
 GH and GLM shows higher dependence in the upper tail
GH is chosen for further analysis because it also exhibits
highest maximum likelihood value.
Copula‐based joint drought duration and severity
analysis can yield important information for water
management purposes.
Conditional probability plots allows a water
planner to assess the probability of a drought of a
certain duration and severity occurring
simultaneously.
The figures below show the conditional probability
distribution of drought severity given a drought
duration exceeding a threshold and the conditional
distribution of the drought duration given a drought
severity exceeding a certain threshold .
Conditional distribution of drought severity
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Conditional distribution of drought duration
 Runoff generated using Noah LSM is not affected by engineering structures in the basin.
 The joint analysis of drought duration and severity provides more information for water
management than univariate assessment, based on each parameter individually.
 Copula models permit the construction of joint distribution functions.
 The results of this study can be extended to include teleconnected hydrologic variables, such
that climate precursors may then be used for drought prediction.
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